Abstract Objectives-To examine the incidence and mortality of cancer near the Pan Britannica Industries factory, Waltham Abbey, after reports of a possible cluster of all cancers and brain cancer in the vicinity. Method-Small area study of cancer incidence 1977-89, and mortality 1981-92, within a 7-5 km radius of the factory site. Postcoded cancer registrations and deaths in the study area were extracted from national data sets held by the Small Area Health Statistics Unit and compared with expected numbers computed by applying national rates stratified for age, sex, and deprivation to the local population (1981 and 1991 censuses). Observed/ expected (0(E) ratios were examined from 0-1 km and 0-7-5 km of the plant, and tests applied for a decline in relative risk with distance up to 7 5 km. Results-There were 12 859 incident cancers (1977-89) from 0-7-5 km (OlE ratio 1-04; 95% confidence interval (95% CI) 1*02 to 1-06) and 385 from 0-1 km (OlE 1*10; 1-00 to 1-22). There was an excess of skin melanoma from 0-1 km based on 11 cases (OIE 2-13; 1-06 to 3.80), and an excess from 0-7 5 km of cancer of the lung, stomach and pancreas combined, and prostate (O/Es ranged from 1-09 to 1.13). Only the findings from lung cancer were suggestive of a decline in risk with distance, especially in the later period . There were 9196 cancer deaths (1981-92) from 0-7 5 km (OlE 1-04; 95% CI 1-02 to 1.06) and 308 from 0-1 km (OlE 1-24; 1.11 to 1.39); and 25 507 non-cancer deaths (OIE 1-02; 1-01 to 1.04) from 0-7-5 km and 745 (OLE 1*14; 1-06 to 1-22) from 0-1 km. There was evidence of a decline in mortality with distance for all cancers combined, lung cancer (P = 0-001 for each), and colorectal cancer (P < 0.05), and also for non-cancers (P = 0*001).
each), and colorectal cancer (P < 0.05), and also for non-cancers (P = 0*001).
Proportional mortality analyses suggested a decline in risk with distance for lung cancer (P = 0.003) but not for all cancers or the site specific cancers examined. There was no evidence of an excess in the incidence or mortality from brain cancer. For cancer mortality in the innermost wards, the findings were, for the most part, well within the range of variation across the region as a whole. Conclusions-The study provides limited and inconsistent evidence for a localised excess of cancer in the vicinity of the PBI plant. At present, further investigation does not seem warranted other than continued surveillance of mortality and cancer incidence in the locality. Abbey' which formulates a range of pesticides and fertilisers. The programme discussed the cases of several PBI employees and nearby residents who had developed or died of cancer over a 10 year period. The specific cancer sites included brain, colon, lung, pancreas, and melanoma of the skin. Although no causative agent or route of exposure was suggested, the PBI plant has handled possible human carcinogens and an informal analysis of cancer mortality carried out for the programme suggested that there had been more deaths than expected from national rates among the workforce and including three unconfirmed cases of brain cancer over 10 years among residents who lived in a road bordering the plant. The documentary therefore raised concerns but did not offer specific hypotheses.
This report gives the results of a formal epidemiological investigation undertaken by the Small Area Health Statistics Unit (SAHSU)23 into cancer incidence and mortality in the vicinity of the PBI plant.
Methods
The site of the study was the PBI plant in Waltham Abbey, Essex, EN9 1NP, located just outside the M25 motorway north east of London and east of the housing and industrial development along the Lea valley (fig 1) . The population density in surrounding areas is highest to the south and west. Based on census information for 1981 enumeration districts, the Waltham Abbey area seems to be less socioeconomically deprived than the average for England and Wales as a whole, and there is little change in deprivation with distance from the plant.
The Ordnance Survey (OS) grid reference used for the factory site, 1538500 east, 1200300 north, is a node of an OS 100 m grid network lying within the boundary of the site to the east of the A112 road. An area within 1 km of this point was chosen at the outset as having potentially the highest exposure to emissions from the plant. Over The conditional test is specifically for trend as it corrects for the overall level of risk by setting the condition that the sum of expected numbers over the 7-5 km area is equal to the sum of the observed (0) cases. Proportional mortality (PMR) analyses were also carried out with non-cancer deaths to obtain expected values. I0
The following diagnostic groups of the 8th and 9th revisions of the International Classification of Diseases (ICD-8 and ICD-9) were examined: (a) all cancers combined excluding non-melanoma cancer of the skin (140 to 208, excluding 173 and ICD-9 238 6); (b) brain tumours, malignant (191 and 192) and combined with benign and unspecified brain tumours (191, 192, 225, There was no evidence of an excess in the incidence of brain neoplasms (tables 1 and 2). Of the other site specific cancers studied, there was an excess of skin melanoma from 0-1 km based on 11 cases (OlE 2-13; 1-06 to , and an excess from 0-7-5 km for cancer of the lung, and stomach and pancreas combined, (O/Es ranging from 1-09 to 1 13). For lung 1 80) , colon and rectum, prostate, and breast, as well as melanoma of the skin, contributed to the excess in mortality from all cancers. As with cancer incidence, the overall excess was apparent for both sexes, and for the 15-64 and > 65 age groups (not shown). From 0-7 5 km there was an excess of stomach and pancreatic cancer combined, lung cancer, and skin melanoma (O/Es ranging from 1-07-1 26). There was evidence of a decline in mortality with distance for all cancers, lung cancer (P = 0-001, unconditional and conditional Stone's tests for both), and colorectal cancer (P = 0 05 and 0-03, tables 3 and 4). There was also excess non-cancer mortality within 1 km of the site (O/E ratio 1-14; 1-06 to 1-22) and over 0-7-5 km (O/E 1-02; 1-01 to 1-04) with a significant decline with distance (P = 0-001, unconditional and conditional Stone's tests, tables 3 and 4). Thirdly, the quality, and for cancer incidence, the completeness of routine recording of health events may vary geographically at the small area level. There was some evidence for this in the present study when, especially in the earlier years, there was apparent incomplete recording of cancers in some districts. Also, the fact that the ratio of cancer deaths to cancer registrations within 1 km of the plant was around 0-87 also suggests underregistration (the 1989 England and Wales ratio was 1-59 for men and 1-74 for women14).
Fourthly, population data relied on the 1981 and 1991 censuses. Errors in population estimates, including differential migration patterns, might bias estimates of risk. This might for example explain why a decline in mortality with distance from the site was found not only for all cancers and several specific cancers but also for non-cancers, if the population near the plant had been underestimated. It could also explain why the proportional mortality analysis for all cancers did not show a trend with distance in contrast to the analyses of absolute rates as the proportional mortality analyses do not depend on population estimates.
Fifthly, the general excess in all cancers argues against a specific toxic agent which might be expected to affect the incidence of only one or perhaps a few cancer sites.
Sixthly, in common with other small area studies of environment and health,58 there is the potential problem of socioeconomic confounding, although perhaps less so in the present study because the area near the plant was relatively affluent, with little change in levels of deprivation with distance from the site. None the less, there could still have been confounding by unmeasured, spatially varying factorssuch as variation in prevalence of smoking. Routine sources of data on smoking patterns at the local (small area) level do not exist.
The analysis of cancer mortality by ward for the North East Thames Region helps to place in context the results of the point source analysis. The two wards which contain most of the population within 1 km of the PBI plant are on the edge of the North East Thames Region. It is unclear whether boundary effects had any appreciable influence on the results, but the analysis of data for the North East Thames Region gives an appropriate indication of the ranking of relative risks in the two wards closest to the plant. Judged from the raw and statistically smoothed rates, mortality in these wards was not exceptional in comparison with that in other wards in the region.
One possibility to explain any excess risk near an industrial source is that it reflects occupational rather than environmental factors. The Epidemiological and Medical Statistics Unit of the Health and Safety Executive (HSE) has studied cancer mortality among the workforce at PBI from 1978 to 1992.11 Altogether 13 cancer deaths were reported. This compares with 308 cancer deaths reported here from 1981-92 among residents within 1 km of the plant. The results of the HSE study showed a small (but not significant) excess of all cancers among men employed for at least one year on the PBI site, mainly reflecting an excess of lung cancer (seven observed cases of lung cancer versus 2-5 expected).
It is important to note that several industries have been located near the PBI plant, including some that have now closed. The company was established on the site of a former explosives factory, and less than 1 km to the north west and the south west lie two sites of the former Ministry of Defence Explosives Research and Development Establishment, which contain land reported to be contaminated with asbestos and other substances (D Perry, personal communication).
In summary, within the limitations of the small area approach and use of routine data the study provides limited and inconsistent evidence for a localised excess of cancer in the vicinity of the PBI plant. Although there was a small general increase in risk over the wider 7.5 km study area, and a decline in incidence of lung cancer and mortality with distance from the plant, increased risk and decline in risk with distance were also found for noncancer mortality, which argues against a specific cancer hazard. For cancer mortality in the innermost wards, the findings were, for the most part, well within the range of variation across the region as a whole. At present, further investigation of this alleged cluster does not seem to be warranted, although surveillance of mortality and cancer incidence in the locality as a whole would indicate whether or not the apparent excess risk of disease persists. The views expressed in this paper are those of the authors and not necessarily those of the funding departments.
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